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TECHNICAL NOTE
An osmometric method for measurement of total CO2
MAN S. OH, EDMUND S. M. WHANG and HUGH J. CARROLL
Department of Medicine, State University of New York, Downstate Medical Center, Brooklyn, New York
We describe a rapid and accurate osmometric
method for the measurement of total C02' which is
considerably simpler than techniques previously and
currently used [1—7].
When CO2 is dissolved in a solution of sodium
hydroxide, 2 moles of hydroxyl ion is utilized per
mole of carbonate ion generated and the osmolality of
the solution decreases in proportion to the increase in
carbonate ion concentration.
In the present method, CO2 is evolved by acidifica-
tion and trapped in a standard NaOH solution.
Methods. The apparatus used in these measurements
consisted of a sample tube joined by polytef (Teflon)
tubing to a trapping tube, with a roller pump to re-
circulate gases between the two tubes. In the device
shown in Fig. 1, a 12-mi test tube had its rubber
stopper pierced by two needles, one long and one short.
The smaller tube is similarly fitted with stopper and
needles, contains 2 ml of 0.2 N NaOH and is the tube
used for measurement of osmolality by freezing point
depression in the Advanced osmometer, model 600-5.
Exactly 1 ml of the fluid to be analyzed is placed in
the sample test tube, a drop of antifoaming agent is
added and the tube is closed with the long needle be-
neath the surface of the fluid. When the osmometer
tube is also closed and the pump started, 1 ml of
1 N H2S04 is injected into the sample through a rubber
inlet placed between the long needle and its polytef
tubing. CO2 evolved from the sample is carried through
the short needle of the sample tube into the NaOH
solution. The air free of CO2 is then carried through
the short needle of the osmometer tube to recirculate
through the sample tube. Extraction of CO2 was corn-
'The term CO2 will be used to designate all sources of evolved
carbon dioxide in the fluid to be analyzed. In plasma and urine,
the sources are dissolved carbon dioxide and bicarbonate.
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plete when a roller pump (COBE-l60) was operated at
15 rpm for two minutes. The osmolality of the NaOH
solution after trapping of CO2 is compared to the
osmolality of the NaOH solution, which has been
titrated with a blank and the difference designated
Osm2 (mOsm/liter). When samples containing less
than 5 mmole/liter of CO2 are to be analyzed, a larger
volume of sample may be used in order to increase the
delivery of CO2 or a smaller quantity of trapping solu-
tion may be used in order to cause a greater decrease
in its osmolality.
The concentration of NaOH in the trapping solution
relative to the quantity of CO2 evolved is a most im-
portant condition of the method. Since the pK for
HCOi is 10.25, the pH of the solution must be main-
tained above 13 in order that no significant amount of
HCO accumulates. At pH 13, where the OH - con-
centration is approximately 100 mEq/liter, the ratio of
CO to HCO is about 500 to 1. The addition of
100 mole of CO2 to 2 ml of 0.2 N NaOH will cause
titration of 200 of the 400 Eq of OH - present, and
will reduce the pH of the solution to about 13. If
higher concentrations of CO2 than 100 mmole/liter are
to be measured, sample volumes can be reduced or the
normality of the trapping solution increased to 0.3 N.
The validity of the method was tested by the follow-
ing means: 1) Evaluation of the relationship between
change in osmolality of the trapping solution and the
quantity of CO2 delivered to the trapping solution.
The latter was expressed as the concentration of Na2
CO3 generated in the trapping solution. 2) Recovery of
known quantities of CO2 added to plasma and urine
samples. 3) Comparison of results with those obtained
by Nateison's modification (3) of the Van Slyke mano-
metric technique. Fluids that served as the source of
2 As an alternative to titrating the trapping solution with a
blank, a constant can be calculated from the quantity of air in
the system and the known concentration of CO2 in air, which
will predict change in osmolality of the trapping solution. Each
milliliter of air contains 0.018 2moles of CO2.
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CO2 to be measured for comparison of the two tech-
niques included plasma, aqueous NaHCO solution,
and a commercial "serum standard" (Calibrate).
NaHCO3 solution standardized by titration with
HC1 was used as the source of CO2 standard.
Since the titration with acid measures only the total
base concentration (HCO3 and COfl, while the total
sources of CO2 are HCO, CO' and CO2. pK's of
H2C03 and HCOi- and pH of the solution, determined
immediately prior to its use, were utilized to calculate
total CO2 content in the standard sample.
To produce various concentrations of Na2CO3 (5 to
50 mmole/liter) in the trapping solution, a NaHCO3
standard of fixed concentration was used in different
volume. This procedure was deemed preferable to the
creation of a series of NaHCO3 standards of different
concentration.
Results and calculations. When 0.2 N NaOH solu-
tions were titrated by CO2 evolved from NaHCO3
standards to achieve concentrations of Na2CO3 from
5 to 50 mmole/liter, the osmolality of the trapping
solution decreased at a rate of 1.323 (±0.0045 SD)
mOsm/liter/mmole/liter of Na2CO3 (Fig. 2). Titration
of 0.3 N NaOH produced a factor of 1.345 (± 0.01 SD)
mOsm/liter/ mole/liter of Na2CO3 generated. The re-
covery of known quantities of NaHCO3 was 98.7%
(± 1.1 SD) and 98.l% (± 2.7sD) for six samples of plas-
ma and six samples of urine.
Ninety-five % confidence limits of iOsm in 0.2 N
NaOH solution were 6.6 0.96 mOsm/liter at 5 mmole/
liter of Na2 CO3 and 66.2±0.97 mOsm/liter at
50 mmole/liter of Na2CO3.
Comparison of the results of CO2 measurement by
the present method with those obtained by Natelson's
Manometric method is shown in Table 1.
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Fig. 2. The decrease in osmolality (LWsm) of the trapping solution
(0.2 N NaOH) as a function of the concentration of Na2CO3
achieved by titration with CO2. As Na2CO3 is generated (abscissa),
the osmolality declines. The equation for the line, y=l.323x,
was derived by the method of least squares. For a given con-
centration of Na2CO3 (mmole/liter), mean zmOsm/liter± sD(n)
is as follows: 5, 6.60±0.32 (N=11); 10, 13,26±0.47 (N=8);
15, 19.73±0,64 (N=9); 20, 26.52±0.38 (N=5); 25, 33.07±
0.63 (N=7); 50, 66.21±0.35 (N=6).
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Fig. 1. Apparatus used for the evolution and trapping of CO2. In
this design the sample tube is a 12-mi glass test tube and the
trapping tube is the tube used to measure osmoiality. Gases are
driven by the roller pump in the direction of the arrow. CO2 from
the sample is trapped in the NaOH and the air is allowed to re-
circulate.
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Table 1. CO2 measurement by osmometric and manometric
methods
Sample Osmometric
method
Manometric
methoda
Plasma 1 27.3 0.46 (N=4) 26.2
Plasma 2 26.6± 0.32 (N=4) 25.7
Plasma 3 22.6±0.43 (N4) 21.1
Calibrate P 25.1 (N=4) 24.2
Calibrate 2c 17.2± 0.22 (N=4) 16.1
NaHCO3 standard2 32.2±0.32 (N=4) 32.7
a Average of two determinations.
Assayed by manufacturer at 26 mmole/liter.
Assayed by manufacturer at 17.3 mmole/liter.
d 31.8 mmole/liter by titration with HCI standard.
Method of calculation of CO2 concentration in the
fluid analyzed. The concentration of Na2CO3 achieved
in the trapping solution is determined by a) the volume
of NaOH solution (VNaOH) and b) the volume of the
sample (Veampie) and its concentration of CO2. The
following equations are applicable:
Concentration of Na2CO3 in NaOH solution
= Vsampie concentration. (1)
VNaOH
Na2CO3 concentration = for 0.2 N NaOH. (2)
By combination and rearrangement:
CO2 concentration in sample (mmole/liter)
—
Osm VNaOH
sample
The factor 1.345 replaces 1.323 when 0.3 N NaOH is
the trapping solution.
Discussion. Titration of NaOH with gaseous CO2 to
produce Na2CO3 involves the loss of 1 mole of solute
per mole of Na2CO3 generated. The relatively greater
loss of measured osmolality, 1.323 mOsm/liter for
each mmole/ liter of Na2CO3, is attributable to the fact
that the osmotic coefficient of Na2CO3 is lower than
that of NaOH. The osmotic coefficient is a measure of
the extent to which colligative properties, such as freez-
ing-point depression or boiling-point elevation, are
altered by some form of interaction between particles.
It is determined as the ratio of observed to calculated
osmolality. In the present studies, the constancy of the
ratio zOsm/Na2CO3 over a wide range of Na2CO3
concentration suggests that the osmotic coefficients of
NaOH and Na2CO3 remain constant while the con-
centrations of NaOH and Na2CO3 vary inversely. It is
concluded that the concentration of sodium ions deter-
mines the osmotic coefficients of the OH - and C0j
salts in the mixture. The following equation is con-
structed to predict, with the assumption that osmotic
coefficients remain constant, the change in osmolality
of 0.2 N NaOH solutions partially titrated to Na2CO3.
Osm
—
OsmNaon —OsmNaoH+ NaCO3
Na2CO3 Na2CO3
—
2 m1gNoH — [2 +3 m3g2co3]
m3
2 mjgaoH — [2 (m1 —m3)go
=
+3 m3g2C3]
m3
=
4 mgH —3 m3g2co3
m3
= 4gNaoH — 3gNa2co3. (4)
Osmolality = nm g, where n is the number of particles
into which a substance dissociates, m is the molality of
the substance, and g is its osmotic coefficient. m2 =
m1 —2 m3, because 2 moles of NaOH is utilized per
mole of Na2CO3 generated; m1 and m2 are the molali-
ties of NaOH before and after titration and m3 is the
molality of Na2CO3.
This equation was solved using the osmotic co-
efficients measured in our laboratory; for 0.2 M NaOH,
0.940±0.01; and for 0.1 M Na2CO3, 0.8l2±0.0l; for
0.3 M NaOH, 0.934±0.00; and for 0.15 M Na2CO3,
0.792±0.00g. The fact that the ratios of zOsm/
Na2CO3 calculated in this fashion were essentially
identical with those observed experimentally (Table 2)
lends credence to the assumption we have made con-
cerning the constancy of osmotic coefficients and sup-
ports the validity of the measurement of CO2.
AOsmTable 2. expenmentally determined and calculated
Source of osmotic
coefficient calcula-
tiona
Osm
Na2CO3
calculated with
equation 4
Osm
Na2CO3
observed by
titration
0.2MNaOH
0.1 as Na2CO3 1.324 1.323
0.3 M NaOH
0.15 M Na2CO3 1.350 1.345
a For identical sodium concentration, the molality of Na2CO3 is
one-half the molality of NaOH.
A pure aqueous solution of Na2CO3 does not exist because
of the spontaneous formation of small amounts of NaOH and
NaHCO3. The osmotic coefficient of Na2CO3 was derived from
the calculated osmolality of theoretically pure Na2CO3 and the
measured osmolality corrected for the contributions of NaHCO3
and NaOH. The concentrations of NaHCO3 and NaOH, in turn,
were calculated from pK of HCO3 and pH of the solution.
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The method for measurement of HCO and CO2
described here differs from some previously described
methods only in the use of a pump to speed gas trap-
ping and in the use of a change in osmolality as the
detector of NaOH titration. However, these two modi-
fications provide a method which is highly accurate, is
far less time-consuming than some other methods and
requires no equipment beyond that found in the
average clinical laboratory. Furthermore, the range of
concentration of CO2 that can be measured is very
wide and can be extended by manipulation of the
volume of sample and the volume and concentration
of NaOH solution.
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